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Scavenging activityAbstract Antioxidants have recently become the topic of interest as radical scavengers, which
inhibit lipid peroxidation and other free radical mediated processes. Chaetomium madrasense
AUMC 9376 was isolated from Cairo soil and evaluated for antioxidant activity by various assays,
such as DPPH, reducing power, scavenging activity by ferrous ion, nitric oxide (NO) and total
phenolic content. Different physical and chemical conditions of the production medium were
optimized for enhancement of antioxidant activity. The results revealed that incubation for 15 days
at 25 C and pH 6 was the most favorable for antioxidant activity. Moreover, both glucose and
sodium nitrate were the proper carbon and nitrogen sources, respectively for the highest antioxidant
activity. The extraction of the broth culture ﬁltrate with different solvents revealed that ethyl acetate
extract possesses the highest antioxidant activity. The obtained results suggest that the experimental
fungus has the potentiality as a source of strong natural and safe antioxidants safe for application in
the food and cosmetics industries.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology.1. Introduction
Free radicals are implicated in the pathogenesis of various
human diseases, such as arteriosclerosis, cancer, diabetes
mellitus, liver injury, inﬂammation, skin damages, coronary
heart diseases and arthritis [1] Antioxidants have become thetopic of interest recently and they act as radical scavengers
and inhibit lipid peroxidation and other free radical mediated
processes; so, these are able to protect the human body from
several diseases due to radical reaction. Use of synthetic
antioxidants to prevent free radical damage has been reported
to involve toxic side effects, which justiﬁes the search for
natural antioxidants and free radical scavengers [2].
Dietary antioxidants, including polyphenolic compounds,
vitamin E and C are effective nutrients in the prevention of
these oxidative stress related diseases [3] Polyphenolic
compounds are the secondary metabolites commonly found
in plants, mushrooms and fungi [4]. A great number of
naturally occurring substances have been recognized to have
antioxidant abilities, such as ﬂavonoids and other phenolic
22 H.I. Abo-Elmagdcompounds [5]. Other active compounds include ﬁber,
conjugated isomers of linoleic acid, some vitamins, calcium,
uric acid, glutathione, and protease inhibitors were reported
[6], also these compounds may work independently or
synergistically. A number of plants and mushrooms (fruiting
body) are commonly known to produce antioxidants and there
are few reports on lower fungi such as Penicillium roquefortii,
Aspergillus candidus, Mortierella, Emericella falconensis, Acre-
monium, Colletotrichum gloeosporioides [7], Mycelia sterilia [1]
and Chaetomium globosum [8].
This study aimed at the evaluation of antioxidant activities
of Chaetomium madrasense extract and the improvement of the
antioxidant potentiality applying different physical and chem-
ical factors.
2. Materials and methods
2.1. Isolation
C. madrasense was isolated from Cairo governorate soil and
identiﬁed in the Taxonomy Department, Ain-Shams Univer-
sity, Cairo City, Egypt and the identity was conﬁrmed by
Assiut University Mycological Centre and was identiﬁed as
C. madrasense Natarajan AUMC 9376.
2.2. Fungal cultivation
To study the antioxidant potential, the fungus was grown on
a 50 ml Czapek dox’s broth which consisted of (%, w/v) su-
crose 3, NaNO3, 0.2; K2HPO4
, 0.1; MgSO4, 0.05; KCl, 0.05
& FeSO4, 0.001. The medium was inoculated with one disc
(4 mm) of fungal mycelia obtained from 6 to 7 days grown
culture on potato-dextrose-agar plates. The growth was car-
ried out under stationary conditions at 28 C. After 10 days
incubation, the culture broth was centrifuged at 10,000 rpm
at 4 C for 10 min and ﬁltered through a Whatman ﬁlter pa-
per No 1 and the obtained ﬁltrate was used for further
analysis.
2.3. Antioxidant activity assays
2.3.1. 1,1-Diphenyl-2-picryl hydrazyl (DPPH) free radicals
scavenging assay
The scavenging activity for DPPH free radicals was measured
according to [9] with slight modiﬁcations. To 2 ml of distilled
water, 1 ml of 0.1 mM DPPH solution in ethanol and 0.5 ml
of culture ﬁltrate were added. The mixture was shaken vigor-
ously and allowed to stand for 30 min at room temperature.
Decolorization of DPPH was determined by measuring the
decrease in absorbance at 517 nm against blank. Butylated
hydroxy toluene (BHT) was used as the positive control. Low-
er absorbance of the reaction mixture indicates higher free-
radical scavenging activity. DPPH radical scavenging effect
was calculated according to the following equation:
Scavenging activity ð%Þ ¼ ½A0 ðA1 A2Þ  100=A0;
where A0 represents the absorbance of the control (DPPH
without extract), A1 represents the absorbance of the reaction
mixture and A2 represents the absorbance without DPPH
(DPPH was replaced by the same volume of distilled water).2.3.2. Determination of antioxidant activity by reducing power
measurement
The reducing power of the extract was determined according
to [10] with slight modiﬁcation as follows: an aliquot of
0.5 ml extract was added to 0.1 ml of 1% (w/v) potassium fer-
ricyanide. After incubating the mixture at 50 C for 30 min,
during which the ferricyanide was reduced to ferrocyanide, it
was supplemented with 0.1 ml of 1% (w/v) trichloroacetic acid
and 0.1% FeCl3 and left for 20 min. Absorbance was read at
700 nm to determine the amount of ferric ferrocyanide (Prus-
sian blue) formed. Higher absorbance of the reaction mixture
indicates higher reducing power of the sample.
2.3.3. Determination of ferrous ion scavenging (metal chelating)
activity
The chelating activity of the extracts for ferrous ions was mea-
sured according to [9]. The reaction mixture containing 0.5 ml
of extract, 1.6 ml of deionized water, 0.05 ml of FeCl2 (2 mM)
and 0.1 ml of ferrozine (5 mM) was incubated at 40 C for
10 min and the absorbance was measured at 562 nm. The che-
lating activity was calculated as follows:
Chelating rate ¼ ½1 ðA1 A2Þ=A0  10
where A0, A1 and A2 were deﬁned above.
2.3.4. Determination of nitric oxide (NO) scavenging activity
Nitric oxide production from sodium nitroprusside was mea-
sured according to [11]. An equal amount (6 ml) of sodium
nitroprusside (5 mM) solution was mixed with 6 ml of extract
and incubated at 25 C for 2.5 h. After every half an hour,
0.5 ml of the reaction mixture was mixed with an equal
amount of Griess reagent, which composed of (%, w/v) (sul-
fanilamide, 1; phosphoric acid, 2; and napthylethylene
diamine dihydrochloride, 0.1) and the absorbance was mea-
sured at 546 nm and compared with absorbance of 1 mg/ml
of standard solution (sodium nitrite) treated in the same
way with Griess reagent.
2.3.5. Determination of total phenolic contents (TPC)
The total phenol content of the extract was estimated by the
Folin–Ciocalteu colorimetric method, based on the proce-
dure described by [12,13] with some modiﬁcations. Brieﬂy,
a sample (0.5 ml) was mixed with 0.5 ml of Folin–Ciocalteu
reagent (10 dilutions). The mixture was allowed to stand at
room temperature for 5 min, then 0.5 ml of 35% (w/v)
Na2CO3 was added to the mixture and mixed gently, and
the mixture was brought up to 5 ml with distilled water.
The mixture was homogenized and allowed to stand at room
temperature in dark for 90 min. Total phenol content was
determined, using a spectrophotometer at 725 nm. The stan-
dard calibration (0.01–0.05 mg ml1) curve was plotted using
gallic acid. The total phenolic content was expressed as
Gallic Acid Equivalents (GAE) in (mg g1 sample).
2.4. Potential optimization of antioxidant
2.4.1. Effect of some physical factors
Different physical parameters (incubation period, incubation
temperature and initial pH) were optimized for antioxidant
potential enhancement from C. madrasense. The effect of
Table 1 Antioxidant potential of Chaetomium madrasense
through various assay procedures.
Items Activity (%)
DPPH assay 70.21 ± 0.30
Reducing potential 1.00 ± 0.22
Fe2+ scavenging activity 55.2 ± 0.13
NO ion scavenging activity
30 min 18.4 ± 0.33
60 min 32.6 ± 0.17
90 min 43.1 ± 0.19
120 min 49.2 ± 0.21
180 min 60.4 ± 0.20
TPC 17.43 ± 0.23
Figure 1 Antioxidant potential -m- and total phenolic content
(TPC) -n- of Chaetomium madrasense during different incubation
periods.
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investigated on Czapek dox’s broth by determination of the
antioxidant activity every 5th day up to 30 days of incubation
under static conditions. Also, the activity ofC. madrasense anti-
oxidant activity was checked at different incubation tempera-
tures (20, 25, 30, 35, 40, 45 and 50 C) and pH values (2–10).
2.4.2. Effect of different carbon and nitrogen sources
To ﬁnd out the favorable carbon source, sucrose in the Czapek
dox’s medium was replaced with the same concentration of
any of the following sugars: glucose, fructose, maltose, lactose
and starch in equal basis, moreover, the nitrogen source,
NaNO3 in Czapek dox’s medium was substituted with one of
some inorganic nitrogen sources (KNO3, NH4NO3, NH4Cl,
or (NH4)2SO4) or nitrogen rich organic supplement (yeast ex-
tract, peptone, malt extract, casein or soyabean meal).
2.5. Thermostability of antioxidant bioactivity
To check the temperature sensitivity of the fungal metabolite
for antioxidant activity, it was subjected to 40, 60, 80 and
100 C for 1 h and the heat treated broth was then assayed
for the residual antioxidant activity.
2.6. Extraction with different organic solvents
To evaluate the proper organic solvent for extraction of the
bioactive component, the fungal metabolite was extracted by
different solvents viz petroleum ether, chloroform, ethyl ace-
tate or methanol. Equal volume of each solvent and ﬁltrate
was taken in the separating funnel and shaken vigorously for
10 min. The solution was allowed to stand, the cell mass was
separated and the solvent was evaporated. The resulted solids
were reconstituted in methanol to get 5 times concentrated
stock preparation, which was then checked for its antioxidant
potential by various assays.
2.7. Toxicity tests
The culture broth used to assess the antioxidant activity was
subjected to Ames test using Salmonella reverse mutation
based on histidine dependence and mutations in Salmonella
typhimurium [14]. Cytotoxicity was tested using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) method. The fungal extract (100 ll) was incubated
with 1 · 105 RBCs/well in 96-well ELISA plates for 24 h.
Then 100 ll MTT solution (0.5%, w/v) was added to each
well and incubated further for 4 h. After incubation, the
supernatant was removed, and 100 ll DMSO was added
to each well to dissolve the formazan crystals. The absor-
bance was measured at 590 nm using an automated micro-
plate reader. The wells with untreated cells served as
control [15].
2.8. Statistical analysis
All the results are expressed as mean ± SD from triplicate.
Values of P 6 0.05 were statistically signiﬁcant. The mean val-
ues and standard deviation were calculated using the Excel
program from Microsoft Ofﬁce 2010 package.3. Results
3.1. Antioxidant potential by different quantitative methods
It was clariﬁed from Table 1 that C. madrasense possesses po-
tent antioxidant activity. The results showed a good scaveng-
ing effect amounted to 70.21% on DPPH radicals. While,
the reducing power of Fe3+ to Fe2+ by the fungal extract
was 1.0%. In addition, the chelating activity for ferrous was
assayed for the experimental fungus chelated 55.2% of ferrous
ions. As evident from the results, C. madrasense exhibited inhi-
bition of NO formation with scavenging rate of 60.4%.
3.2. Total phenolic content
The TPC of C. madrasense extracts have been expressed as gal-
lic acid equivalent (GAE) i.e., mg gallic acid/100 ml culture.
TPC are known to be responsible for antioxidant activity.
The present experimental results showed that C. madrasense
possessed high TPC (17.43 mg/ml), which is positively corre-
lated with their antioxidant potential (Table 1).
3.3. Effect of some physical conditions
The antioxidant potential measured by different assay proce-
dures was the highest on 15th day, which subsequently declined
up to 30 days of incubation (Fig. 1). With respect to the effect of
Figure 2 Antioxidant potential -m- and total phenolic content
(TPC) -n- of Chaetomium madrasense during different
temperatures.
Figure 3 Antioxidant potential -m- and total phenolic content
(TPC) -n- of Chaetomium madrasense during pH values.
24 H.I. Abo-Elmagdtemperature on the antioxidant activity, the results showed that
the highest antioxidant potential with different assay procedures
was at 25 C and between pH 4 and pH 6, which correlates pos-
itively with their phenolic content (Figs. 2 and 3).
3.4. Effect of different carbon and nitrogen sources
The growth medium can also have a signiﬁcant effect on
secondary metabolites and enhancement can only be achievedTable 2 Effect of various carbon sources on antioxidant potential
Items Activity (%)
Glucose Sucrose
DPPH assay 55.3 ± 0.20 70.47 ± 0.31
Reducing potential 0.90 ± 0.31 1.01 ± 0.20
Fe2+ scavenging activity 23.6 ± 0.22 46.3 ± 0.10
NO scavenging activity
30 min 20.4 ± 0.04 22.1 ± 0.23
60 min 23.3 ± 0.25 26.6 ± 0.11
90 min 31.5 ± 0.21 37.8 ± 0.13
120 min 38.2 ± 0.31 44.7 ± 0.21
180 min 42.2 ± 0.17 51.5 ± 0.25
TPC (mg/ml) 16.3 ± 0.15 19.1 ± 0.20through systematic manipulation of parameters. In this
respect, the favorable carbon and nitrogen sources for the
optimum antioxidant activity were sucrose and sodium nitrate,
respectively (Tables 2 and 3).
3.5. Thermostability of antioxidant bioactivity
Thermostability of the active components in the culture ﬁltrate
responsible for antioxidant activity was checked and found to
be relatively thermostable. The results disclosed that the anti-
oxidant activity decreased with the increase of heat exposure.
At 40 C the activity decreased by 4%, while at 100 C, it suf-
fered a maximum loss of 33% in its activity at 20 min (Fig. 4).
3.6. Extraction with different organic solvents
The extraction of culture broth antioxidants with different
organic solvents revealed the superiority of ethyl acetate in elu-
tion of many components responsible for antioxidant potential
and followed by chloroform and methanol, respectively. On
the other hand, petroleum ether extracts showed no antioxi-
dant activity (Table 4). The ethyl acetate extract showed
84.47%, 66.3%, 60.5% and 1.2% scavenging activity for
DPPH, ferrous ion, nitric oxide (NO) scavenging activity
and reducing power, respectively. While, TPC content was
23.1 mg/ml. The chloroform extract showed 60.3%, 42.3%,
47.2% and 1.1% scavenging activity for DPPH, ferrous ion,
NO scavenging activity and reducing power, respectively,
while regarding the TPC content, it reached 16.3 mg/ml.
4. Discussion
Fungi are proliﬁc secondary metabolite producers which have
provided several bioactive compounds and chemical models,
currently used as pharmaceuticals and they have attracted
the attention of scientiﬁc community to produce a wide range
of secondary metabolites possessing antioxidant activity along
with their amenability to easy manipulations [16]. The different
antioxidant assays demonstrated that C. madrasense possess
potent antioxidant potential. In this manner, DPPH radicals
are widely used to investigate the scavenging activities where,
the experimental fungus showed a good scavenging effect on
DPPH radicals. This indicates a bioactive potential of extracts
that helps to neutralize the free radical character of purpleof Chaetomium madrasense.
Maltose Lactose Starch
59.3 ± 0.44 60.4 ± 0.33 44.2 ± 0.18
0.8 ± 0.25 0.72 ± 0.14 0.52 ± 0.31
33.3 ± 0.15 40.22 ± 0.25 35.43 ± 0.12
15.3 ± 0.23 16.4 ± 0.17 17.4 ± 0.41
18.3 ± 0.16 19.3 ± 0.12 20.3 ± 0.28
22.8 ± 0.14 25.6 ± 0.12 25.21 ± 0.01
33.1 ± 0.24 32.4 ± 0.23 30.7 ± 0.27
37.3 ± 0.18 37.3 ± 0.32 35.6 ± 0.25
15.2 ± 0.30 16.23 ± 0.32 6.3 ± 0.15
Table 3 Effect of various nitrogen sources on antioxidant potential of Chaetomium madrasense.
Items Activity (%)
Yeast extract Peptone Malt extract Casein Sodium nitrate
DPPH assay 57.3 ± 0.20 62.47 ± 0.31 60.3 ± 0.44 58.4 ± 0.33 71.2
Reducing potential 0.70 ± 0.31 0.8 ± 0.20 0.62 ± 0.25 0.41 ± 0.14 1.2 ± 0.31
Fe2+ scavenging activity 52.6 ± 0.22 44.3 ± 0.10 30.3 ± 0.15 32.2 ± 0.25 55.6 ± 0.12
NO scavenging activity
30 min 20.4 ± 0.04 20.1 ± 0.23 14.3 ± 0.23 17.4 ± 0.17 33.2 ± 0.41
60 min 22.3 ± 0.25 24.6 ± 0.11 22.3 ± 0.16 20.3 ± 0.12 44.5 ± 0.28
90 min 28.5 ± 0.21 33.8 ± 0.13 34.8 ± 0.14 25.6 ± 0.12 58.1 ± 0.01
120 min 32.2 ± 0.31 46.7 ± 0.21 41.1 ± 0.24 28.3 ± 0.23 67.1 ± 0.27
180 min 47.2 ± 0.17 54.5 ± 0.25 46.3 ± 0.18 31.3 ± 0.32 71.2 ± 0.25
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Figure 4 Thermal stability of antioxidant potentiality of Chae-
tomium madrasense at 30oC -¤-, 40 C -n-, 50 C -m-, 60 C -x-,
70 C -D-, 80 C -h-, 90 C -s-, and 100 C -*-.
Antioxidant potentiality of Chaetomium madrasense 25color DPPH either by transfer of electron or hydrogen atom to
yellow colored diamagnetic molecule [17].
The fungal extract acts as reductones that inhibit lipid perox-
idation by donating a hydrogen atom thereby terminating the
free radical chain reaction. Moreover, this reducing potential
may be due to the dimonohydroxy substitution in the aromatic
ring that possesses potent hydrogen donating ability [18]. TheTable 4 Effect of extraction with different solvents on antioxidant
Items Activity (%)
Petroleum ether extract Ethyl a
DPPH assay 37.3 ± 0.20 84.47 ±
Reducing potential 0.50 ± 0.31 1.2 ± 0
Fe2+ scavenging activity 32.2 ± 0.25 66.3 ±
NO scavenging activity
30 min 14.3 ± 0.23 38.1 ±
60 min 22.3 ± 0.16 42.6 ±
90 min 34.8 ± 0.14 47.8 ±
120 min 41.1 ± 0.24 53.7 ±
180 min 46.3 ± 0.18 60.5 ±
TPC (mg/ml) 8.4 ± 0.30 23.1 ±chelating activities of the extracts for ferrous ions were assayed
by the inhibition of formation of red colored ferrozine and
ferrous complexes. The formation of the red colored complex
was inhibited in the presence of the extract of the experimental
fungus demonstrating the chelating activity. Nitric oxide radical
exhibits a numerous beneﬁcial functions, such as regulation of
vascular tone, neurotransmission, killing microorganisms, and
tumor cells and other homeostatic mechanisms. Simulta-
neously, high levels of nitric oxide have been described in a vari-
ety of path physiological processes including various forms of
circulatory shock, inﬂammation, and carcinogenesis [19].
Phenolic compounds have been shown to be the major anti-
oxidants from medicinal plants, mushrooms, essential oils,
spices, fruits, and vegetables. The interest in the phenolic com-
pounds has increased tremendously due to their prominent free
radical scavenging potentiality, attributed to their redox prop-
erties, which allow them to act as reducing agents or hydrogen
atom donor [20]. The results suggested that C. madrasense
might possess different types of phenolic compounds, which
have differential scavenging capabilities for various free radi-
cals. The scavenging potential and metal chelating ability of
such compounds are dependent upon their unique structure,
and the number and position of the hydroxyl groups. This
structural complexity of phenolic compounds in the extracts
of the experimental fungus could be responsible for better che-
lating activity as well as for their potential to easily inhibit pro-
duction of nitric oxide.
These bioactive compounds can sometime be substantially
enhanced by the optimization of physical and chemical factorspotential of Chaetomium madrasense.
cetate extract Chloroform extract Methanol extract
0.31 60.3 ± 0.44 58.4 ± 0.33
.20 1.1 ± 0.25 0.62 ± 0.14
0.10 42.3 ± 0.31 51.2 ± 0.20
0.23 20.4 ± 0.04 17.4 ± 0.17
0.11 22.3 ± 0.25 20.3 ± 0.12
0.13 28.5 ± 0.21 25.6 ± 0.12
0.21 32.2 ± 0.31 28.3 ± 0.23
0.25 47.2 ± 0.17 31.3 ± 0.32
0.20 16.3 ± 0.15 15.3 ± 0.32
26 H.I. Abo-Elmagdused for the microbial growth [21]. In this manner, the opti-
mum incubation period for antioxidant potential of the exper-
imental isolate was found to be 15 days and subsequent decline
in bioactivity could be due to the exhaustion of nutrients avail-
able for the fungus or may be due to the degradation of sec-
ondary metabolites already produced by fungi as revealed
from the decline in the amount of phenolic content. In this re-
spect, [22] found that the antioxidant potential of Penicillium
spp. is best expressed on the 10th day, which subsequently de-
clines up to 30 days. While, 14th day of incubation is optimum
for the highest antioxidant activity from C. globosum [8]. Incu-
bation temperature has been found to be a signiﬁcant control-
ling factor for antioxidant activity. In this respect, the
optimum incubation temperature for the production of bioac-
tive agents by Fusarium sp. is 25 C [23]. Moreover, it was
demonstrated that the optimum incubation temperature for
antioxidant activity and phenolic content production by Peni-
cillium spp. is 25 C [22].
With reference to the effect of pH values, the experimen-
tal results were corroborated by previous studies in which
there was no bioactivity at pH extremes [24]. This may be
due to the delayed metabolite production caused by delayed
mycelial growth or due to a reduced production of bioactive
metabolites under such pH conditions. Carbohydrates are the
structural and storage compounds in the cells of fungi and
thereby play a key role in the growth as well as in the pro-
duction of various useful secondary metabolites. In compat-
ibility with earlier studies [25], sucrose proved to be the most
promising carbon source to produce bioactive compounds.
This explains that a fungal species may utilize a particular
carbon source for vegetative growth but may not be able
to produce specialized structural molecules. The availability
of easily utilizable carbon and nitrogen sources promotes pri-
mary metabolism and feeding with more slowly metaboliz-
able compounds may lead to the formation of secondary
products. Nitrogen sources other than sodium nitrate showed
lesser activity. The results obtained are in accordance with
[16] who found that sucrose and sodium nitrate are regarded
as sustainable sources for the highest antioxidant activity of
two Aspergillus sp. This proves that the Czapek dox medium
is most effective for metabolite production responsible for
antioxidant activity.
Thermostability studies on fungal ﬁltrate demonstrated
that metabolites responsible for antioxidant activity are quite
stable at 40 C. Similarly, thermostability of the active compo-
nents in the culture ﬁltrate of two Aspergillus spp. responsible
for antioxidant activity is relatively thermostable [16]. Ethyl
acetate extracts showed best activity correlating with high phe-
nolic content followed by chloroform and butanol extract.
These observations are in consonance with the earlier studies
[26,27].
5. Conclusion
The present study demonstrates the ability of some lower fungi
to produce compounds having bioactivity potential. The pres-
ence of such compounds having antioxidant activity in fungi
may afford a safe alternative to natural sources of antioxidants
for incorporation into some food products and supplements
preventing many free radical mediated diseases. Therefore,further work is in progress to purify the active components
from the crude extracts of C. madrasense.
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